The article presents a study of design parameters for the fresh self-compacting soil-cement so that it can be framed under the action of its own weight in the production of prefabricated elements.
INTRODUCTION
In concept, the fluid soil-cement should be able to thicken under the action of its own weight, in a manner analogous to self-compacting concretes that, according to ALCÂNTARA [1] , must be fluid without presenting the segregation and exudation phenomena, and fill the molds easily without the presence of blockages.
FONSECA et al. [2] report that the determination of engineering properties of the self-compacting soil-cement is related to soil compaction factors, such as soil microstructure or fabric, amount of water and its influence on the compaction process, and the decrease in the soil voids volume. According to the authors, it is preferable to use the cement volume/soil void volume ratio as the dosage variable. The self-compacting soil-cement can be considered close to materials reported by HORPBILSUK et al. [3] , where the amount of water embedded in the mixtures is high enough to relate to the amount of soil voids, similarly to what happens in the case of the Portland cement concrete, where the amount of water reflects the amount of voids in the mortar phase. That is how it differs from traditional soil-cement.
Previous experience of producing non-compacted soil-cement is reported by SEGANTINI and ALCÂNTARA [4] . The authors refer to the plastic soil-cement designed to be compressed under the action of its own weight for use in the production of in situ molded piles but employing 4% of cement by weight above the suggested content commonly used in the design of soil-cement mixtures. It is emphasized that some types of soil, especially clayey soils, require high amounts of water to achieve the desired plastic consistency, similar to a plaster mortar. In these cases, the ideal design water/cement ratio should be less than 1 and the soil-cement mixtures viewed as an intimate mixture of soil constituents, cement, and water produced with the use of mechanical mixers.
BUSSIERE [5] presents the soil-cement slurry also titled Concresoil and proposes its application in the soil reinforcement of low bearing capacity soils. The author points out that the mechanical strength achieved by the soil-cement slurry is usually higher than that presented by natural soils, reinforcing its character of a soil stabilization process. High-pressure injection and jet-grouting are processes related to the application of this technique that can produce columns with unconfined compressive strength up to 4 MPa. Considering the self-compacting properties of soil-cement mixtures fluidized by superplasticizer, BERTÉ [6] analyzed their self-compacting properties for engineering applications, in order to attend different requirements of mechanical strength and durability. This author determined dosage parameters for Argisols from the West of the State of São Paulo, associating them with the properties of the soil-cement in the fresh and hardened states. In particular, he noted that variations in the fresh mixture properties were more related to the water/(cement+soil) ratio rather than to the water/cement ratio, as well as the value of the mechanical strength was associated with the water/cement ratio and the water absorption, and mixtures mechanical strength ranged from 2 to 7.5 MPa.
ALCÂNTARA et al. [7] report data from self-compacting soil-cement mixtures using residual soils from Porto, Portugal, focusing on the laboratory instrumentation set up. Data from this study support that the mechanical strength at 28 days of cure was crescent with the electrical resistivity and with the hydration of cement during curing. Consistently, the authors observed that the ultrasound propagation velocities were directly related to the specimens' mechanical strength.
In the case of slurry for geotechnical applications, one of the most important aspects is the study of fresh mixtures, in order to understand their rheological properties related to mobility and fluidity, and their ability to densify and fill spaces. The objectives of this study were to evaluate the behavior of selfcompacting soil-cement mixtures both in the fresh and hardened state, varying dosage parameters.
MATERIALS AND METHODS
A young residual soil (saprolite) from the city of Porto, Portugal, water, Portland cement CEM I 42.5, and steric and electrostatic action superplasticizer were used throughout the study.
The methodology considered the variation of the fluidifying agents, water, and superplasticizer, and viscosity conditions, as presented in Table 1 , emphasizing that: (i) compositions 1, 2, 3, 4, and 5 have the same superplasticizer/soil ratio, differing in the cement/soil and water/soil ratios; (ii) compositions 1, 2 and 3 present the same cement/soil ratio, differing in the water/cement ratio; and (iii) compositions 1, 4, and 5 show the same water/soil ratio, differing in the cement/soil ratio. Table 2 introduces compositions 6 and 7, both designed with the same water/soil and cement/soil ratios, but differing in the superplasticizer/soil ratio. Initially, soil, cement, and water, named water 1, were put into the mixer`s metallic tub, performing their mixture at slow speed during 60 seconds. The process was interrupted in order to scrap the material adhered to the mixer's blade, and then resumed for another period of 60 seconds, after which it was incorporated the remaining water, called water 2, along with the superplasticizer. The mixing was again resumed during more 60 seconds at slow speed, with a subsequent scraping of the mixture adhered to the mixer`s blade. In continuity, the mixture was resumed for 30 seconds at low speed, followed by an interruption and pause of 60 seconds, in order to allow the superplasticizer act properly, and finally, the mixture was resumed for a final period of 30 seconds at fast speed, completing the process. Figure 1 illustrates the sequence of this procedure. Once completed the mixing procedure, validation tests in the fresh state, free flowing scattering tests (slump-flow) and confined flow tests (funnel test) were carried out. After, specimen molding took place, pouring the contents of the mixer`s tub into specific molds, without the aid of vibration or any other mechanical force, counting exclusively with the energy provided by the mixture own weight. Frame molds, which enabled the manufacture of prismatic specimens of 4 x 4 x 6 cm, were used in specimen preparation, and three repetitions were adopted as standards in the experimental design. After molding, the prismatic specimens were taken to cure in the humid incubation chamber for a period of 28 days before performing unconfined compression tests.
Scattering (slump-flow) and V-funnel test were conducted for assessment of mixtures quality, respectively, under free and confined flowing conditions. NUNES [8] describes the procedure adopted during the scattering tests, as illustrated in Figure 2 . In the test, the interior of the cone and the surface of the metal plate were dampened with a damp cloth; then, the plate was put on a firm, flat and level surface; after the end of the sample mixing operation, the cone was filled with the mixture, leveled at the top and raised vertically in a continuous and careful movement; at the end of the movement, maximum (D1) and perpendicular (D2) diameters of the scattering area formed were measured. The V-funnel procedure test followed the procedure described by NUNES [8] and ALCÂNTARA [1] , using a funnel with the dimensions presented in Figure 3 Unconfined compressive strength tests were performed in specimens molded from the dismemberment of the 4x4x16 cm prism into four cubes using a control displacement system at the loading speed of 0.01 m/s, according to the procedure described by IPQ [9] , after the slight modifications proposed by NUNES [8] .
In assessing the apparent density, the mixtures were poured into tablet molds, measuring the volume and weight of the material poured in order to determine their apparent densities. Table 3 presents the results of free flow (scattering) and confined (V-funnel) tests carried out in the fresh state. Figure 4 shows samples of the scattering surfaces obtained from the scattering tests, noticing that they were homogeneous and circular, without the presence of concentration areas, height irregularities in the distribution of material, as well as without water halos, which would be indicative of segregation. From Figure 5 , it is observed that the free and confined flow tests data presented reverse images associated with the conditions of fluidity and viscosity, whereas the increased fluidity resulted in larger scattering diameters, in a free flowing, and in smaller flow times, in confined flow. Variation of conditions of cohesion and viscosity were relevant to support the observed behavior, and it was not noticed the expressive influence of friction between particles of larger diameter or inter-granular shocks. Table 4 summarizes the dosage parameters of the studied compositions. With respect to free flow, in the first phase of the study it was analyzed the variation of the scattering diameter with the dosage parameters, and in the second phase, it was quantified the percentage variation of diameter with the percentage variation of composition parameters. Figures 6 to 10 illustrate the variation of the scattering diameters with the composition parameters, emphasizing that only in mixtures 1, 2, and 3 the amount of water varied while maintaining constant the superplasticizer/cement, superplasticizer/soil and cement/soil ratios. On the basis of the data presented in Figure 6 , it was noted that the scattering diameter increased directly with the added water content. In the reference mixture, mix 1, there was an alignment of points with cases of compositions 6 and 7, and 4 and 5, where the water/soil ratio was maintained fixed, denoting: (i) influence of superplasticizer content variations with relation to the soil and cement, with fluidization, as in compositions 6 and 7; and (ii) influence of variations of the cement/soil ratio and, indirectly, superplasticizer/cement, as in mixtures 4 and 5. The analysis of the three series supported that greater variation in the scattering diameter was caused by variation in the amount of water in the mixtures in comparison with the effect of the fluidifying additive or the cement.
RESULTS AND DISCUSSION
It was hard to correlate the scattering diameter with the water/cement ratio, as in Figure 7 , or the water/(cement+soil) ratio, as in Figure 8when considering all the analyzed mixtures. Considering the trajectory of compositions 1, 2 and 3 and 1, 4 and 5, it was noticed different rates of variation between the scattering diameter and the water/cement or water/(cement+soil) ratio, which can be attributed to the different ways the mixtures were fluidized. In the mixtures where the cement/soil and superplasticizer/cement ratios remained constant, as in compositions 1, 2 and 3, the variation of flow conditions was sensitive to the amount of water into the mixture. Figure 8 shows close response between compositions 1, 2 and 3 and 1, 4 and 5, regarding the composition parameter and scattering diameter variation, suggesting that flow conditions varied mainly with the variation of the water/(cement+soil), and, as illustrated in the case of the composition 7, suffered a localized effect when the superplasticizer content varied. In this case, the influence of the water/(cement+soil) ratio agreed with the cases of specific behavior of concrete and mortars, in accordance with BAUER [10] and BERTÉ [6] . Figure 9 illustrates the variation of scattering diameter with the variation of the superplasticizer/cement ratio while maintaining constant the cement/soil and water/soil ratios, as in compositions 1, 6 and 7, as well as indirectly with the variation of the cement/soil ratio while maintaining constant the superplasticizer/soil and water/soil ratios, as in mixtures 1, 4 and 5. Regarding variation of the superplasticizer/cement ratio, it was observed tendency to occur also the variation of the scattering diameter, due to the variation of the flow conditions. It was noticed that when the content of superplasticizer was fixed with the concomitant variation of the mix water content, as in compositions 1, 2 and 3, flow conditions suffered expressive modifications, denoting water´s influence in flow conditions, as well as its effect acting in synergy with other mixture components.
In Figure 10 , only in compositions 1, 4 and 5 were observed the influence of the cement/soil ratio in the scattering diameter where flow conditions were affected either by the cohesive effect of cement or by the change in the superplasticizer/cement ratio. In the cases of the other series, i. e. compositions 1, 2, and 3 and 1, 6 and 7, the cement/soil ratio remained constant, and the fluidization occurred due to the variation of water/soil and water/cement ratios, as in compositions 1, 2 and 3, and superplasticizer/soil and superplasticizer/cement ratios, as in compositions 1, 6 and 7, reflecting once again the influence of the incorporation of water into the mix on the variation of the scattering diameter.
Based on the analysis of the results of Figures 6 to 10, it was observed that water, superplasticizer, and cement played different rules as fluidization agents, being the first two essentially fluidizers and the latter a cohesion agent. It was concluded that water and superplasticizer could act in synergy in order to intensify the process, as well as that cement could affect the viscous properties of self-compacting soil-cement. Possible variations when weighing these materials can influence the quality of the final product, responding for lower or higher mixture fluidization; on the other hand, the different paths analyzed in this study may indicate trajectories of greater efficiency. In addition, Table 5 presents the percentage changes in the values of scattering diameter for the analyzed mixtures as well as the percentage variations of composition parameters. Based on the analysis of data from Table 5 , it was observed that: (i) the percentage variation of the water/cement ratio exercised greater influence over the percentage variation of the scattering diameter in compositions 1, 2 and 3 than in compositions 1, 4 and 5, in accordance with data presented in Figures 6 -10; and (ii) the values of the relation between the percentage variation of the scattering diameter and the percentage variation of the water/(cement+soil) ratio showed lower dispersion, in compositions 1, 2 and 3 and 1, 4 and 5.
Figures 11 and 12 illustrate, respectively, correlations between the scattering diameter and the water/cement and the water/(cement+soil) ratios for the case of free flowing. It was shown that the variation in the scattering diameter was significantly influenced by the variation of the water/(cement+soil), as in Figure  12 , with a coefficient of determination of 0.9844, i.e., only 0.0156% of the regression variance did not depend on the analyzed variables. Like in the case of free flow, Table 6 presents the percentage variation among values of the funnel flow times for the tested mixtures, the composition parameters and ratios between the percentage values under confined flow. Table 7 shows the apparent density reached by mixtures in the hardened state five days after demolding. Table 8 brings results of the unconfined compressive strength, mean value, standard deviation, and coefficient of variation for the compositions analyzed in the study from tests performed under the hardened state after 28 days of cure. Preliminary analysis involving the values of the unconfined compressive strength and the others composition parameters presented in Table 4 showed that changes in the unconfined compressive strength are basically dependent on the water/cement ratio. Therefore, Figure 22 associates unconfined compressive strength and water/cement ratios, and Figure 23 presents data from regression analysis incorporating both parameters. Based on the results presented in Figure 23 , it was observed that the unconfined compression strength was inversely correlated with the water/cement ratio as in the cases of concretes and mortars reported by BAUER [10] .
As expected, it was observed an inverse relationship between the scattering diameter and the unconfined compressive strength, as well as between the scattering diameter and the apparent density as showed, respectively, in Figures 24 and 25 for the cases of the three series of mixtures studied. In compositions 1, 2 and 3, where the cement/soil and superplasticizer/soil ratios were kept constant, the mixes were fluidized by the variation of the amount of water. It was observed that the variation of the scattering diameter took place with the concomitant decrease in the unconfined compressive strength, Figure 24 , and in the apparent density, Figure 25 . In compositions 1, 4 and 5, Figure 24 , where the water/soil and superplasticizer/soil ratios were kept constant, the viscosity conditions were affected by variations in the cement content, regarding the water and plasticizer. On the other hand, in Figures 24 and 25 , there was no significant correspondence between the unconfined compression strength and the apparent density with the scattering diameter. It was found that the value of the apparent density of the composition 5 was smaller than of the composition 4, but with higher unconfined compressive strength. This behavior could be related to possible physical and chemical conditions of soil flocculation, especially regarding the increase of cement amount in composition 5, when the superplasticizer/cement ratio became smaller than in the previous cases, influencing negatively the apparent density.
Finally, in mixtures 1, 6 and 7, Figures 24 and 25 , where the water/cement and water/soil ratios were maintained constant, fluidization occurred when varying the superplasticizer/soil ratio and, indirectly, the superplasticizer/cement ratio. It was observed that the scattering diameter did not present significant correlation with the unconfined compressive strength, as shown in Figure 24 , maintaining constant the water/cement ratio. On the other hand, in composition 6 it was observed a decrease in the apparent density, considering that the mixture had its workability conditions modified when compared to the reference composition which presented the same water/cement ratio. Figures 26 and 27 , it was observed a direct relationship between the flow time funnel and the unconfined compressive strength and the apparent density in the tested mixtures. In compositions 1, 2 and 3, when the cement/soil and superplasticizer/soil ratios were kept constant, the mixes were fluidized by the variation of the amount of water. It was observed that the variation of the flow time funnel took place with the concomitant increase in the unconfined compressive strength, Figure 26 , and in the apparent density, Figure  27 . In compositions 1, 4 and 5, Figure 26 , the water/soil and superplasticizer/soil ratios were kept constant, and the viscosity conditions were affected by variation of the cement content. Finally, in mixtures 1, 6 and 7, Figures 26 and 27 , the water/cement and water/soil ratios were maintained constant, and fluidization occurred varying the superplasticizer/soil ratio and, indirectly, the superplasticizer/cement ratio. It was observed that the flow time funnel did not show significant correlation with the unconfined compressive strength maintaining constant the water/cement ratio, as depicted in Figure 26 . On the other hand, it was observed in composition 6 a decrease in the apparent density, considering that the mixture had its workability conditions modified compared to the reference composition with the same water/cement ratio.
CONCLUSIONS
In this paper, a comprehensive laboratory testing program was undertaken to analyze the design parameters for the fresh self-compacting soil-cement. It was concluded that: (i) the flow properties kept strong correlation with the water/(cement + soil) and superplasticizer/cement ratios; (ii) the unconfined compressive strength values were correlated with the water/cement ratio, varying from 2.7 to 6.5 MPa, supporting that there is similarity of mechanical behavior between the self-compacting soil-cement and concretes and mortars; (iii) water, as well as the superplasticizer, proved to be excellent fluidifying agent, while cement and soil acted as a viscosity agent; and (iv) parameters determined in the fresh state kept an indirect relationship with those of mechanical strength, considering the apparent density reached in the blends, as well as the nature of the mixture paste.
